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measured and the amount of air valve drives is adjusted according to the 
measurement signal, when adjusting the pressure of an air spring 5 using an air 
valve 4. 

[0005] In drawing 5 , a pressure sensor 3 measures the pressure of an air spring 5. 
The pressure target generation machine 1 1 outputs the desired value over the 
pressure of the steady state to which the air spring 5 carried out surfacing support 
of the shock absorbing desk 1. A pressure compensator 12 performs 
compensation whose output signal of a pressure sensor 3 corresponds to the sum 
of the output signal of the displacement compensator 9 mentioned later and the 
acceleration compensator 10, and the output signal of the pressure target 
generation machine 1 1 . A power amplifier 13 supplies power to an air valve 4 
according to the output of a pressure compensator 1 1 , and drives an air valve 4. 
The pressure of an air spring 5 is controlled by feedback control of such a pressure 
to a desired value. 

[0006] Moreover, a displacement sensor 2 measures the variation rate of a shock 
absorbing desk 1 and an air spring 5. a variation rate -- the target generation 
machine 7 - surfacing of a shock absorbing desk 1 and an air spring 5 - the 
desired value over a variation rate is outputted The displacement compensator 9 
performs compensation to which the difference of the output signal of the 
displacement target generation machine 7 and the output signal of a displacement 
sensor 2 serves as zero, this - surfacing of a shock absorbing desk 1 and an air 
spring 5 - a variation rate is held uniformly An acceleration sensor 6 measures 
vibration of a shock absorbing desk 1. The acceleration compensator 10 
compensates the output signal of an acceleration sensor 6, and forms the negative 
feedback system of acceleration. Vibration generated in a shock absorbing desk 1 
by this is suppressed. 
[0007] 

[Problem(s) to be Solved by the Invention] With the vibration removal equipment 
using the air spring, in order to improve the self-regulation of an amendment sake 
and the pressure of an air spring for the nonlinear characteristic of an air valve, 
feedback control of the so-called pressure which measures the pressure of an air 
spring by the pressure sensor, and drives an air valve according to the output 
signal is performed. However, when feedback control of a pressure was performed 
to the air spring, there was a trouble that the rigidity of an air spring will fall and 
vibration of a shock absorbing desk will increase. The shock absorbing desk in 
which an air spring carries out surfacing support balances in the state where the 
gravity and the bearing power from an air spring which act on a shock absorbing 
desk are in agreement. The bearing power from an air spring multiplies the 
effective area of diaphragm in the contact section of an air spring and a shock 
absorbing desk by the pressure of an air spring, and becomes settled. Since the 
capacity of an air spring changes according to the variation rate of a shock 
absorbing desk and the pressure of an air spring originally changes when vibration 
occurs in a shock absorbing desk for some disturbance force, such as drive 
reaction force of the X-Y stage for exposure laid in a shock absorbing desk in 
semiconductor fabrication machines and equipment, the stability to the equilibrium 
proportional to a variation rate which returns a shock absorbing desk to equilibrium 
acts on a shock absorbing desk from an air spring. This is the rigidity of an air 
spring. Since it functions as the feedback control of a pressure holding the 
pressure of an air spring uniformly, even if capacity change of the variation rate of 
a shock absorbing desk and an air spring arises, the pressure of an air spring does 



not change. That is, the rigidity of an air spring falls and the stability to equilibrium 
does not act on a shock absorbing desk. Therefore, when feedback control of a 
pressure was performed and vibration occurred by some factors, such as 
disturbance force, in a shock absorbing desk, since it was the reduction of rigidity 
of an air spring, there was a problem that vibration of a shock absorbing desk will 
increase. In conventional vibration removal equipment, what has solved the 
reduction of rigidity of the air spring by the feedback control of a pressure cannot 
be seen. 

[0008] this invention is made in consideration of such a situation. That is, the 
purpose of this invention is to offer the vibration removal equipment which can 
perform feedback control of the pressure of an air spring, without causing the 
reduction of rigidity of an air spring. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the vibration removal equipment by this invention A shock absorbing desk, the air 
spring which supports the aforementioned shock absorbing desk, and the air valve 
which adjusts the pressure of the aforementioned air spring, The pressure sensor 
which measures the pressure of the aforementioned air spring, and the 
displacement sensor which measures the variation rate of the aforementioned 
shock absorbing desk, and the variation rate of the aforementioned air spring. The 
acceleration sensor which measures vibration of the aforementioned shock 
absorbing desk, and the acceleration compensator which compensates the output 
signal of the aforementioned acceleration sensor and forms the negative feedback 
system of acceleration, The displacement target generation machine which outputs 
the desired value over the variation rate of the aforementioned shock absorbing 
desk and the aforementioned air spring. The displacement compensator which 
compensates the difference signal of the output signal of the aforementioned 
displacement target generation machine, and the output signal of the 
aforementioned displacement sensor, and controls the variation rate of the 
aforementioned shock absorbing desk and the aforementioned air spring, The rigid 
compensator which is a rigid compensator which has a low cut filter and a 
proportional gain element, and compensates the output signal of the 
aforementioned displacement sensor and controls the rigidity of an air spring. The 
pressure compensator which compensates the output signal of the pressure target 
generation machine which outputs the desired value over the pressure of the 
aforementioned air spring, the aforementioned acceleration compensator and the 
aforementioned displacement compensator, the aforementioned rigid 
compensator, and the aforementioned pressure target generation machine, and 
the output signal of the aforementioned pressure sensor, and controls the pressure 
of the aforementioned air spring. It is characterized by having the power amplifier 
which drives the aforementioned air valve according to the output signal of the 
aforementioned pressure compensator. 

[0010] Moreover, the device manufacturing installation by this invention is 
characterized by having the aforementioned vibration removal equipment. As a 
device manufacturing installation, there are semiconductor fabrication machines 
and equipment for manufacturing semiconductor chips, such as IC and LSI, etc. 
[0011] 

[Function] An air spring carries out surfacing support of the shock absorbing desk 
which carries precision mechanical equipments, such as an X-Y stage for 
exposure. An air valve adjusts the pressure of an air spring. A pressure sensor 



measures the pressure of an air spring. A pressure target generation machine 
outputs the desired value over the pressure of the steady state to which the air 
spring carried out surfacing support of the shock absorbing desk. A pressure 
compensator performs compensation whose output signal of a pressure sensor 
corresponds to the sum of the output signal of a rigid compensator, a displacement 
compensator, and an acceleration compensator, and the output signal of a 
pressure target generation machine. A power amplifier supplies power to an air 
valve according to the output of a pressure compensator, and drives an air valve. 
[0012] a displacement sensor -- the variation rate of a shock absorbing desk, and 
surfacing of an air spring -- a variation rate is measured A displacement target 
generation machine outputs the desired value over the variation rate of a shock 
absorbing desk, and the variation rate of an air spring. A displacement 
compensator performs compensation to which the difference of the output signal of 
a displacement target generation machine and the output signal of a displacement 
sensor serves as zero so that a shock absorbing desk may orientate to a desired 
surfacing position. It is fixed to the shock absorbing desk and an acceleration 
sensor measures vibration produced in a shock absorbing desk as an acceleration 
signal. An acceleration compensator compensates the output signal of an 
acceleration sensor, and forms the negative feedback of acceleration. This gives 
damping to a shock absorbing desk. 

[0013] The rigid compensator which has a low cut filter and a proportional gain 
element compensates the output signal of a displacement sensor so that rigidity 
may be given to a shock absorbing desk and an air spring. The shock absorbing 
desk in which an air spring carries out surfacing support balances in the state 
where the gravity and the bearing power from an air spring which act on a shock 
absorbing desk are in agreement. When vibration occurs in a shock absorbing 
desk for some disturbance force, such as drive reaction force of the X-Y stage for 
exposure laid in a shock absorbing desk in semiconductor fabrication machines 
and equipment, a rigid compensator functions as the stability to the equilibrium 
which is proportional to the variation rate of a shock absorbing desk or the variation 
rate of an air spring through the air spring which is an actuator acting to a shock 
absorbing desk. 

[0014] Thus, even if it performs feedback control of a pressure, the reduction of 
rigidity of an air spring is not produced by the function of a rigid compensator. The 
feedback control of a pressure rectifies the nonlinear characteristic of an air valve, 
and improves the self-regulation of the pressure of an air spnng. Simultaneously, 
since the reduction of rigidity of an air spring is not produced, vibration removal 
equipment with a good oscillating suppression performance is realizable. 
[0015] 

[Example] The example of the vibration removal equipment by this invention is 
explained in detail based on a drawing. Drawing 1 shows the composition of the 
vibration removal equipment concerning one example of this invention. In this 
drawing, surfacing support of the shock absorbing desk 1 is carried out by the air 
spring 5. While it is a support saddle which carries out surfacing support of the 
shock absorbing desk 1, an air sphng 5 is also the actuator on which damping 
force is made to act to a shock absorbing desk 1 by the pressure variation of an air 
spring 5 in order to suppress vibration of a shock absorbing desk 1. The pressure 
of an air spring 5 is adjusted by the air valve 4. 

[0016] Feedback control of a pressure is realized as follows. A pressure sensor 3 
measures the pressure of an air spring 5. The pressure target generation machine 



1 1 outputs the desired value over the pressure of the steady state to which the air 
spring 5 carried out surfacing support of the shock absorbing desk 1 . A pressure 
compensator 12 performs compensation whose output signal of a pressure sensor 
3 corresponds to the sum of the output signal of the rigid compensator 8 mentioned 
later, the displacement compensator 9, and the acceleration compensator 10, and 
the output signal of the pressure target generation machine 1 1 . A power amplifier 
13 supplies power to an air valve 4 according to the output of a pressure 
compensator 11, and drives an air valve 4. The pressure of an air spring 5 is 
controlled by feedback control of such a pressure to a desired value. 
[0017] A displacement sensor 2 measures the variation rate of a shock absorbing 
desk 1 , and the variation rate of an air spring 5. The variation rate of the air spring 
5 here is the stroke of an air spring 5, and it is the same as that of the variation rate 
of a shock absorbing desk 1. a variation rate the target generation machine 7 - 
the variation rate of a shock absorbing desk 1 , and surfacing of an air spring 5 
the desired value over a variation rate is outputted The displacement compensator 
9 performs compensation to which the difference of the output signal of the 
displacement target generation machine 7 and the output signal of a displacement 
sensor 2 serves as zero so that a shock absorbing desk 1 may orientate to a 
desired surfacing position. A stock-in-trade designs the displacement compensator 
9 so that the pressure of an air spring 5 may be controlled by integration of the 
input signal. It is for making it converge promptly, without overshooting the 
variation rate of a shock absorbing desk 1 to the output signal of the displacement 
target generation machine 7. 

[0018] It is fixed to the shock absorbing desk 1, and an acceleration sensor 5 
measures vibration produced in a shock absorbing desk 1 as an acceleration 
signal. The acceleration compensator 10 compensates the output signal of an 
acceleration sensor 6, and forms the negative feedback of acceleration. If the 
acceleration compensator 10 generates the compensation value proportional to the 
output of an acceleration sensor 6 and inputs this compensation value into the 
displacement compensator 9, the damping force proportional to the integration of 
acceleration, i.e., speed, can be made to act on a shock absorbing desk 1, since 
the displacement compensator 9 is designed so that the pressure of an air spring 5 
may be controlled by integration of the input signal as mentioned above. Damping 
was given to the shock absorbing desk 1 by this, and vibration produced in a shock 
absorbing desk 1 is suppressed effectively. 

[0019] The rigid compensator 8 which has a low cut filter 14 and the proportional 
gain element 15 compensates the output signal of a displacement sensor 2 so that 
rigidity may be given to a shock absorbing desk 1 and an air spring 5. The shock 
absorbing desk 1 in which an air spring 5 carries out surfacing support balances in 
the state where the gravity and the bearing power from an air spring 5 which act on 
a shock absorbing desk 1 are in agreement. When vibration occurs in a shock 
absorbing desk 1 for some disturbance force, such as drive reaction force of the X- 
Y stage for exposure laid in a shock absorbing desk 1 in semiconductor fabrication 
machines and equipment, the rigid compensator 8 functions as the stability to the 
equilibrium which is proportional to the variation rate of a shock absorbing desk 1 
or the variation rate of an air spring 5 through the air spring 5 which is an actuator 
acting to a shock absorbing desk 1. By this, rigidity was given to the shock 
absorbing desk 1 and the air spring 5, and vibration produced in a shock absorbing 
desk 1 is suppressed effectively. 

[0020] Although the rigid compensator 8 and the displacement compensator 9 are 



both considering the signal of a displacement sensor 2 as the input, as explained 
until now, both functions completely differ. The rigid compensator 8 functions as 
making the stability to the equilibrium proportional to the variation rate of a shock 
absorbing desk 1 , or the variation rate of an air spring 5 act to a shock absorbing 
desk 1 . The reduction of rigidity of the air spring 5 by feedback of the pressure 
mentioned above is avoidable with this. The displacement compensator 9 functions 
as the force acting to a shock absorbing desk 1 by the integration of the difference 
of the output signal of the displacement target generation machine 7, and the 
output signal of a displacement sensor 2 so that it may orientate without a shock 
absorbing desk 1 overshooting to a desired surfacing position. Therefore, the 
function of the displacement compensator 9 cannot give rigidity to an air spring 5. 
Rigidity is because it is the thing of the stability to the equilibrium proportional to 
the variation rate. 

[0021] Hereafter, operation of the rigid compensator 8 is explained in more detail. 
Drawing 2 shows the dynamics model of the portion which consists of a shock 
absorbing desk 1, an air valve 4, and an air spring 5. A shock absorbing desk 1 
can be modeled as a mass element of mass mu. The effective area of diaphragm 
of a portion in which f and a shock absorbing desk 1 receive the force for the 
disturbance force of acting the variation rate on x and a shock absorbing desk 1 
from an air spring 5 is set to A. An air valve 4 adjusts the inflow outflow discharge 
of air, and the pressure p of an air spring 5 according to the amount u of air valve 
drives. (1) formula is obtained about movement of a shock absorbing desk 1 from 
drawing 2 noting that a pressure p is the amount of change from equilibrium. 
Moreover, (2) formulas are materialized about the pressure of an air spring 5 
[0022] 
[Equation 1] 

M-^x = Ap + f (1) 



[0023] (2) In a formula, the coefficient omega concerning the pressure p of left part 
is physical quantity which becomes settled from the mechanical parameter of an air 
spring 5. Moreover, coefficient Gq concerning the amount u of air valve drives of 
the right-hand side It is the pressure gain of an air valve 4. Similarly, the term 
which contains the variation rate x of a shock absorbing desk 1 by the right-hand 
side means that the pressure p of an air spring 5 changes with the variation rate x, 
and is Gv. It is the influence coefficient. (1) By carrying out the Laplace transform 
of a formula and the (2) formulas, the block diagram of drawing 3 having shown the 
dynamics model of drawing 2 mathematically is obtained. In drawing 3 , Sign s 
expresses the Laplacian operator. From drawing 3 , the I/O formula which inputted 
the amount u of air valve drives and the disturbance force f, and inputted the output 
the variation rate x of a shock absorbing desk 1 becomes like (3) formulas. (3) In 
the formula, AGv s/(second+omega) of left part expresses the rigidity of an air 
spring 5. 
[0024] 
[Equation 2] 



(2) 




(3) 



[0025] The block diagram having shown mathematically operation of the vibration 
removal equipment by this example is drawing 4 . Only enough elements which 
need drawing 4 to explain operation of the rigid compensator 8 are shown, and 
other components, such as the displacement compensator 9 and the acceleration 
compensator 10, are omitted. In drawing 4 , a pressure compensator 12 is a 
proportionality computing element, and sets the gain to G. Moreover, it is Gk about 
the transfer function of the rigid compensator 8. It carries out. The I/O formula of 
drawing 4 which inputted the disturbance force f and inputted the output the 
variation rate x of a shock absorbing desk 1 is as (4) formulas. 
[0026] 
[Equation 3] 

/ 9 s 1 G„ GGi, \ 

Ms'^ + AG^— -— 7^-7;+ AG^— -— 7;— -^7. — —] X = f (4) 

V Vs + fj+GqG vs + 6)-hGqG G^ / ^ 

[0027] Supposing there is no rigid compensator 8 and it is Gk =0, the I/O formula of 
(4) formulas will become like (5) formulas. In this case, although the rigid term 
showing the rigidity of an air spring 5 is AGv s/(second+omega+Gq G) from the left 
part of (5) formulas, since the gain G of a pressure compensator 12 is in the 
denominator of a rigid term, as for a rigid term, Gain G becomes small, so that it is 
large. That is, (5) formulas show that the rigidity of an air spring 5 falls, so that gain 
G of the feedback loop of a pressure is enlarged. 
[0028] 
[Equation 4] 

P^^^V 3^,U^ G )x = f (5) 

[0029] The rigid compensator 8 functions as avoiding the reduction of rigidity of the 

air spring 5 by the feedback control of a pressure. (4) As shown in a formula, the 

rigid term of an air spring 5 is AGv s/(second+omega+Gq 

G)+AGv/(second+omega+Gq G) xGq GGk/Gv by operation of the rigid 

compensator 8. It has become. Namely, transfer function Gk of the rigid 

compensator 8 Since a rigid term also becomes large so that it takes greatly, 

rigidity required for an air spring 5 is securable. Transfer function Gk What is 

necessary is just to specifically design as follows. First, when not performing 

feedback control of a pressure, the rigid term of an air spring 5 was AGv 

s/(second+omega) from (3) formula left part. Transfer function Gk It designs so that 

the rigid term of (4) formulas which are an I/O formula of the vibration removal 

equipment by this invention may be in agreement with this. (3) If a formula is 

compared with (4) formulas, it will be the transfer function Gk of the rigid 

compensator 8. It becomes settled like (6) formulas. 

[0030] 

[Equation 5] 

s < C^^G, G) 

K s + 6> ^ 

[0031] (6) Transfer function Gk defined by the formula (7) formulas will be obtained 
if it substitutes for (4) formulas which are an I/O formula of the vibration removal 
equipment by this example. (7) The left part of a formula and the left part of (3) 
formulas which are an I/O formula when not performing feedback control of a 
pressure are completely the same. It turns out that the rigidity of the completely 



same air spring 5 as the case where feedback control of a pressure is not 
performed is securable with operation of the rigid compensator 8. Moreover, 
transfer function Gk of the rigid compensator 8 shown by (6) formulas Transfer 
function s/showing a low cut filter (second+omega) It consists of series connections 
with proportional gain Gv/(omega+Gq G) Gq G. The vibration removal equipment 
by this example is characterized by the rigid compensator 8 having a low cut filter 
14 and the proportional gain element 15. 
[0032] 
[Equation 6] 



[0033] Thus, since the reduction of rigidity of an air spring 5 is avoidable with 
operation of the rigid compensator 8, the vibration removal equipment by this 
example has realized the suitable oscillating suppression performance. In addition, 
the vibration removal equipment by this invention is not limited to the operation 
form shown in drawing 1 . Essence of this invention that it is vibration removal 
equipment which can perform feedback control of the pressure of an air spring, 
without producing the reduction of rigidity of an air spnng can be carried out 
regardless of the number of an air spring, arrangement, etc. which support the 
configuration of a shock absorbing desk, and it. Moreover, the semiconductor 
fabrication machines and equipment which have vibration removal equipment by 
this invention are realizable also in driven type and scan type any serially. 
[0034] The formula sign used until now is packed into a degree, and is listed. 
M: mass A: of a shock absorbing desk 1 - effective-area-of-diaphragm x: of an air 
spring 5 - variation-rate p: of a shock absorbing desk 1 amount of pressure u:air 
valve drives f: of an air spring 5 disturbance force omega: which acts on a shock 
absorbing desk 1 transfer function of the physical quantity Gq rigidity 
compensator 8 which becomes settled from the mechanical parameter of an air 
spring 5 : Pressure gain Gv of an air valve 4 : influence-coefficient G: to the 
pressure p of the variation rate x of a shock absorbing desk 1 to the air spring 5 ~ 
gain 

[The example of a device process] Next, the example of the process of the device 
using the aligner which has vibration removal equipment which gave [ above- 
mentioned ] explanation is explained. Drawing 8 shows the flow of manufacture of 
minute devices (semiconductor chips, such as IC and LSI, a liquid crystal panel. 
CCD, the thin film magnetic head, micro machine, etc.). The pattern design of a 
device is performed at Step 1 (circuit design). The mask in which the designed 
pattern was formed is manufactured at Step 2 (mask manufacture). On the other 
hand, at Step 3 (wafer manufacture), a wafer is manufactured using material, such 
as silicon and glass. Step 4 (wafer process) is called last process, and forms an 
actual circuit on a wafer with lithography technology using the mask and wafer 
which carried out [ above-mentioned ] preparation. The following step 5 (assembly) 
is called back process, is a process semiconductor-chip-ized using the wafer 
produced by Step 4, and includes processes, such as an assembly process 
(dicing, bonding) and a packaging process (chip enclosure). At Step 6 (inspection), 
the check test of the semiconductor device produced at Step 5 of operation, an 
endurance test, etc. are inspected. A semiconductor device is completed through 
such a process and this is shipped (Step 7). 

[0036] Drawing 9 shows the detailed flow of the above-mentioned wafer process. 




The front face of a wafer is oxidized at Step 1 1 (oxidization). An insulator layer is 
formed in a wafer front face at Step 12 (CVD). At Step 13 (electrode formation), an 
electrode is formed by vacuum evaporationo on a wafer. Ion is driven into a wafer 
at Step 14 (ion implantation). A sensitization agent is applied to a wafer at Step 15 
(resist processing). At Step 16 (exposure), printing exposure of the circuit pattern 
of a mask is carried out by the aligner which has vibration removal equipment 
which gave [ above-mentioned ] explanation at a wafer. The exposed wafer is 
developed at Step 17 (development). At Step 18 (etching), portions other than the 
developed resist image are shaved off. The resist which etching could be managed 
with Step 19 (resist exfoliation), and became unnecessary is removed. By carrying 
out by repeating these steps, a circuit pattern is formed on a wafer multiplex. If the 
process of this example is used, the highly-integrated device for which 
manufacture was difficult can be conventionally manufactured to a low cost. 
[0037] 

[Effect of the Invention] As explained above, according to this invention, the 
vibration removal equipment which can perform feedback control of the pressure of 
an air spring, without reducing the rigidity of an air spring can be offered. In the 
vibration removal equipment by this invention, the feedback control of a pressure 
rectifies the nonlinear characteristic of an air valve, and the self-regulation of the 
pressure of an air spring is improved. Since the reduction of rigidity of the air spring 
which had become a problem with the conventional technology is not produced 
simultaneously, a suitable oscillating suppression performance is realizable. 

TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the 
vibration removal equipment which reduces the oscillating transfer from the 
equipment installation foundation in precision mechanical equipments, such as an 
aligner used for manufacture of liquid crystal devices, such as semiconductor 
devices, such as IC, LSI, and CCD, and a liquid crystal panel, 

PRIOR ART 



[Description of the Prior Art] Highly efficient-ization of the precision vibration 
removal equipment which carries them is called for with highly-precise-izing of 
precision mechanical equipments, such as an electron microscope and 
semiconductor fabrication machines and equipment. In order to make suitable and 
quick exposure perform especially in semiconductor fabrication machines and 
equipment, the vibration removal equipment which eliminates vibration transmitted 
from the outside, such as installation floor vibration, as much as possible is 
required. It is because the X-Y stage for exposure will have to be in the state of a 
drop dead halt in case a semiconductor wafer is exposed in semiconductor 
fabrication machines and equipment. Moreover, since the X-Y stage for exposure 
is characterized by intermittent control action called step-and-repeat, step 
movement of a repeat excites the own vibration of a shock absorbing desk. 
Therefore, vibration removal equipment is asked for realizing the vibration removal 
performance to extraneous vibration, and the damping performance to vibration 
generated by own operation of a loading device with sufficient balance. 
[0003] To such a demand, vibration of a shock absorbing desk is measured by the 
sway sensor, and the vibration removal equipment of the so-called active method 



which drives a shock absorbing desk with an actuator according to the 
measurement signal is put in practical use. It is common to use an air spring as an 
actuator with the vibration removal equipment of an active method. An air spring is 
because sufficient thrust to support a heavy lift like semiconductor fabrication 
machines and equipment can be generated easily. The composition of the typical 
vibration removal equipment seen by the conventional technology is shown in 
drawing 5 . 

[0004] Operation of the vibration removal equipment seen by the conventional 
technology shown in drawing 5 is explained. Surfacing support of the shock 
absorbing desk 1 which carries precision mechanical equipments, such as an X-Y 
stage for exposure, is carried out from the installation floor 100 by the air spring 5. 
By carrying out surfacing support of the shock absorbing desk 1 with an air spring 
5, vibration isolation of the shock absorbing desk 1 can be carried out from the 
installation floor 100. The pressure of an air spring 5 is adjusted by the air valve 4. 
An air valve 4 has the common nozzle-flapper type equipped with 3 of the air- 
supply port 61 , the exhaust air port 62, and the output-pressure port 63 ports as 
shown in drawing 6 . An output pressure changes according to the amount of air 
valve drives (flapper opening). The property of the amount of air valve drives and 
an output pressure is shown in drawing 7 . Like drawing 7 , an amount of air valve 
drives-output-pressure property has a hysteresis on a nonlinear target, and is 
strong. [ of nonlinearity ] Moreover, generally, a response is slow and the self- 
regulation of an air spring of a pressure is bad. Then, feedback control of a 
pressure is performed in many cases as the pressure of an air spring 5 is 
measured and the amount of air valve drives is adjusted according to the 
measurement signal, when adjusting the pressure of an air spring 5 using an air 
valve 4. 

[0005] In drawing 5 , a pressure sensor 3 measures the pressure of an air spring 5. 
The pressure target generation machine 1 1 outputs the desired value over the 
pressure of the steady state to which the air spring 5 carried out surfacing support 
of the shock absorbing desk 1. A pressure compensator 12 performs 
compensation whose output signal of a pressure sensor 3 corresponds to the sum 
of the output signal of the displacement compensator 9 mentioned later and the 
acceleration compensator 10, and the output signal of the pressure target 
generation machine 1 1 . A power amplifier 13 supplies power to an air valve 4 
according to the output of a pressure compensator 1 1 , and drives an air valve 4. 
The pressure of an air spring 5 is controlled by feedback control of such a pressure 
to a desired value. 

[0006] Moreover, a displacement sensor 2 measures the variation rate of a shock 
absorbing desk 1 and an air spring 5. a variation rate ~ the target generation 
machine 7 ~ surfacing of a shock absorbing desk 1 and an air spring 5 ~ the 
desired value over a variation rate is outputted The displacement compensator 9 
performs compensation to which the difference of the output signal of the 
displacement target generation machine 7 and the output signal of a displacement 
sensor 2 serves as zero, this - surfacing of a shock absorbing desk 1 and an air 
spring 5 - a variation rate is held uniformly An acceleration sensor 6 measures 
vibration of a shock absorbing desk 1. The acceleration compensator 10 
compensates the output signal of an acceleration sensor 6, and forms the negative 
feedback system of acceleration. Vibration generated in a shock absorbing desk 1 
by this is suppressed. 



EFFECT OF THE INVENTION 



As explained above, according to this invention, the vibration removal equipment 
which can perform feedback control of the pressure of an air spring, without 
reducing the rigidity of an air spring can be offered. In the vibration removal 
equipment by this invention, the feedback control of a pressure rectifies the 
nonlinear characteristic of an air valve, and the self-regulation of the pressure of an 
air spring is improved. Since the reduction of rigidity of the air spring which had 
become a problem with the conventional technology is not produced 
simultaneously, a suitable oscillating suppression performance is realizable. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] With the vibration removal equipment 
using the air spring, in order to improve the self-regulation of an amendment sake 
and the pressure of an air spring for the nonlinear characteristic of an air valve, 
feedback control of the so-called pressure which measures the pressure of an air 
spring by the pressure sensor, and drives an air valve according to the output 
signal is performed. However, when feedback control of a pressure was performed 
to the air spring, there was a trouble that the rigidity of an air spring will fall and 
vibration of a shock absorbing desk will increase. The shock absorbing desk in 
which an air spring carries out surfacing support balances in the state where the 
gravity and the bearing power from an air spring which act on a shock absorbing 
desk are in agreement. The bearing power from an air spring multiplies the 
effective area of diaphragm in the contact section of an air spring and a shock 
absorbing desk by the pressure of an air spring, and becomes settled. Since the 
capacity of an air spring changes according to the variation rate of a shock 
absorbing desk and the pressure of an air spring originally changes when vibration 
occurs in a shock absorbing desk for some disturbance force, such as drive 
reaction force of the X-Y stage for exposure laid in a shock absorbing desk in 
semiconductor fabrication machines and equipment, the stability to the equilibrium 
proportional to a variation rate which returns a shock absorbing desk to equilibrium 
acts on a shock absorbing desk from an air spring. This is the rigidity of an air 
spring. Since it functions as the feedback control of a pressure holding the 
pressure of an air spring uniformly, even if capacity change of the variation rate of 
a shock absorbing desk and an air spring arises, the pressure of an air spring does 
not change. That is, the rigidity of an air spring falls and the stability to equilibrium 
does not act on a shock absorbing desk. Therefore, when feedback control of a 
pressure was performed and vibration occurred by some factors, such as 
disturbance force, in a shock absorbing desk, since it was the reduction of rigidity 
of an air spring, there was a problem that vibration of a shock absorbing desk will 
increase. In conventional vibration removal equipment, what has solved the 
reduction of rigidity of the air spring by the feedback control of a pressure cannot 
be seen. 

[0008] this invention is made in consideration of such a situation. That is, the 
purpose of this invention is to offer the vibration removal equipment which can 
perform feedback control of the pressure of an air spring, without causing the 
reduction of rigidity of an air spring. 



MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the vibration removal equipment by this invention A shock absorbing desk, the air 
spring which supports the aforementioned shock absorbing desk, and the air valve 
which adjusts the pressure of the aforementioned air spring. The pressure sensor 
which measures the pressure of the aforementioned air spring, and the 
displacement sensor which measures the variation rate of the aforementioned 
shock absorbing desk, and the variation rate of the aforementioned air spring. The 
acceleration sensor which measures vibration of the aforementioned shock 
absorbing desk, and the acceleration compensator which compensates the output 
signal of the aforementioned acceleration sensor and forms the negative feedback 
system of acceleration, The displacement target generation machine which outputs 
the desired value over the variation rate of the aforementioned shock absorbing 
desk and the aforementioned air spring. The displacement compensator which 
compensates the difference signal of the output signal of the aforementioned 
displacement target generation machine, and the output signal of the 
aforementioned displacement sensor, and controls the variation rate of the 
aforementioned shock absorbing desk and the aforementioned air spring, The rigid 
compensator which is a rigid compensator which has a low cut filter and a 
proportional gain element, and compensates the output signal of the 
aforementioned displacement sensor and controls the rigidity of an air spring. The 
pressure compensator which compensates the output signal of the pressure target 
generation machine which outputs the desired value over the pressure of the 
aforementioned air spring, the aforementioned acceleration compensator and the 
aforementioned displacement compensator, the aforementioned rigid 
compensator, and the aforementioned pressure target generation machine, and 
the output signal of the aforementioned pressure sensor, and controls the pressure 
of the aforementioned air spring, It is characterized by having the power amplifier 
which drives the aforementioned air valve according to the output signal of the 
aforementioned pressure compensator. 

[0010] Moreover, the device manufacturing installation by this invention is 
characterized by having the aforementioned vibration removal equipment. As a 
device manufacturing installation, there are semiconductor fabrication machines 
and equipment for manufacturing semiconductor chips, such as IC and LSI, etc. 

OPERATION 



[Function] An air spring carries out surfacing support of the shock absorbing desk 
which carries precision mechanical equipments, such as an X-Y stage for 
exposure. An air valve adjusts the pressure of an air spring. A pressure sensor 
measures the pressure of an air spring. A pressure target generation machine 
outputs the desired value over the pressure of the steady state to which the air 
spring carried out surfacing support of the shock absorbing desk, A pressure 
compensator performs compensation whose output signal of a pressure sensor 
corresponds to the sum of the output signal of a rigid compensator, a displacement 
compensator, and an acceleration compensator, and the output signal of a 
pressure target generation machine. A power amplifier supplies power to an air 
valve according to the output of a pressure compensator, and drives an air valve. 
[0012] a displacement sensor the variation rate of a shock absorbing desk, and 



surfacing of an air spring - a variation rate is measured A displacement target 
generation machine outputs the desired value over the variation rate of a shock 
absorbing desk, and the variation rate of an air spring. A displacement 
compensator performs compensation to which the difference of the output signal of 
a displacement target generation machine and the output signal of a displacement 
sensor serves as zero so that a shock absorbing desk may orientate to a desired 
surfacing position. It is fixed to the shock absorbing desk and an acceleration 
sensor measures vibration produced in a shock absorbing desk as an acceleration 
signal. An acceleration compensator compensates the output signal of an 
acceleration sensor, and forms the negative feedback of acceleration. This gives 
dumping to a shock absorbing desk. 

[0013] The rigid compensator which has a low cut filter and a proportional gain 
element compensates the output signal of a displacement sensor so that rigidity 
may be given to a shock absorbing desk and an air spring. The shock absorbing 
desk in which an air spring carries out surfacing support balances in the state 
where the gravity and the bearing power from an air spring which act on a shock 
absorbing desk are in agreement. When vibration occurs in a shock absorbing 
desk for some disturbance force, such as drive reaction force of the X-Y stage for 
exposure laid in a shock absorbing desk in semiconductor fabrication machines 
and equipment, a rigid compensator functions as the stability to the equilibrium 
which is proportional to the variation rate of a shock absorbing desk or the variation 
rate of an air spring through the air spring which is an actuator acting to a shock 
absorbing desk. 

[0014] Thus, even if it performs feedback control of a pressure, the reduction of 
rigidity of an air spring is not produced by the function of a rigid compensator. The 
feedback control of a pressure rectifies the nonlinear characteristic of an air valve, 
and improves the self-regulation of the pressure of an air spring. Simultaneously, 
since the reduction of rigidity of an air spring is not produced, vibration removal 
equipment with a good oscillating suppression performance is realizable. 

EXAMPLE 



The example of the vibration removal equipment by this invention is explained in 
detail based on a drawing. Drawing 1 shows the composition of the vibration 
removal equipment concerning one example of this invention. In this drawing, 
surfacing support of the shock absorbing desk 1 is carried out by the air spring 5. 
While it is a support saddle which carries out surfacing support of the shock 
absorbing desk 1, an air spring 5 is also the actuator on which damping force is 
made to act to a shock absorbing desk 1 by the pressure variation of an air spring 
5 in order to suppress vibration of a shock absorbing desk 1 . The pressure of an air 
spring 5 is adjusted by the air valve 4. 

[0016] Feedback control of a pressure is realized as follows. A pressure sensor 3 
measures the pressure of an air spring 5. The pressure target generation machine 
1 1 outputs the desired value over the pressure of the steady state to which the air 
spring 5 carried out surfacing support of the shock absorbing desk 1 . A pressure 
compensator 12 performs compensation whose output signal of a pressure sensor 
3 corresponds to the sum of the output signal of the rigid compensator 8 mentioned 
later, the displacement compensator 9, and the acceleration compensator 10, and 
the output signal of the pressure target generation machine 1 1. A power amplifier 
13 supplies power to an air valve 4 according to the output of a pressure 



compensator 1 1 , and drives an air valve 4. The pressure of an air spring 5 is 
controlled by feedback control of such a pressure to a desired value. 
[0017] A displacement sensor 2 measures the variation rate of a shock absorbing 
desk 1, and the variation rate of an air spring 5. The variation rate of the air spring 
5 here is the stroke of an air spring 5, and it is the same as that of the variation rate 
of a shock absorbing desk 1 . a variation rate the target generation machine 7 - 
the variation rate of a shock absorbing desk 1 , and surfacing of an air spring 5 
the desired value over a variation rate is outputted The displacement compensator 
9 performs compensation to which the difference of the output signal of the 
displacement target generation machine 7 and the output signal of a displacement 
sensor 2 serves as zero so that a shock absorbing desk 1 may orientate to a 
desired surfacing position. A stock-in-trade designs the displacement compensator 
9 so that the pressure of an air spring 5 may be controlled by integration of the 
input signal. It is for making it converge promptly, without overshooting the 
variation rate of a shock absorbing desk 1 to the output signal of the displacement 
target generation machine 7. 

[0018] It is fixed to the shock absorbing desk 1, and an acceleration sensor 5 
measures vibration produced in a shock absorbing desk 1 as an acceleration 
signal. The acceleration compensator 10 compensates the output signal of an 
acceleration sensor 6, and forms the negative feedback of acceleration. If the 
acceleration compensator 10 generates the compensation value proportional to the 
output of an acceleration sensor 6 and inputs this compensation value into the 
displacement compensator 9, the damping force proportional to the integration of 
acceleration, i.e., speed, can be made to act on a shock absorbing desk 1, since 
the displacement compensator 9 is designed so that the pressure of an air spring 5 
may be controlled by integration of the input signal as mentioned above. Damping 
was given to the shock absorbing desk 1 by this, and vibration produced in a shock 
absorbing desk 1 is suppressed effectively. 

[0019] The rigid compensator 8 which has a low cut filter 14 and the proportional 
gain element 15 compensates the output signal of a displacement sensor 2 so that 
rigidity may be given to a shock absorbing desk 1 and an air spring 5. The shock 
absorbing desk 1 in which an air spring 5 carries out surfacing support balances in 
the state where the gravity and the bearing power from an air spring 5 which act on 
a shock absorbing desk 1 are in agreement. When vibration occurs in a shock 
absorbing desk 1 for some disturbance force, such as drive reaction force of the X- 
Y stage for exposure laid in a shock absorbing desk 1 in semiconductor fabrication 
machines and equipment, the rigid compensator 8 functions as the stability to the 
equilibrium which is proportional to the variation rate of a shock absorbing desk 1 
or the variation rate of an air spring 5 through the air spring 5 which is an actuator 
acting to a shock absorbing desk 1. By this, rigidity was given to the shock 
absorbing desk 1 and the air spring 5, and vibration produced in a shock absorbing 
desk 1 is suppressed effectively. 

[0020] Although the rigid compensator 8 and the displacement compensator 9 are 
both considering the signal of a displacement sensor 2 as the input, as explained 
until now, both functions completely differ. The rigid compensator 8 functions as 
making the stability to the equilibrium proportional to the variation rate of a shock 
absorbing desk 1, or the variation rate of an air spring 5 act to a shock absorbing 
desk 1 . The reduction of rigidity of the air spring 5 by feedback of the pressure 
mentioned above is avoidable with this. The displacement compensator 9 functions 
as the force acting to a shock absorbing desk 1 by the integration of the difference 



of the output signal of the displacement target generation machine 7, and the 
output signal of a displacement sensor 2 so that it may orientate without a shock 
absorbing desk 1 overshooting to a desired surfacing position. Therefore, the 
function of the displacement compensator 9 cannot give rigidity to an air spring 5. 
Rigidity is because it is the thing of the stability to the equilibrium proportional to 
the variation rate. 

[0021] Hereafter, operation of the rigid compensator 8 is explained in more detail. 
Drawing 2 shows the dynamics model of the portion which consists of a shock 
absorbing desk 1, an air valve 4, and an air spring 5. A shock absorbing desk 1 
can be modeled as a mass element of mass mu. The effective area of diaphragm 
of a portion in which f and a shock absorbing desk 1 receive the force for the 
disturbance force of acting the variation rate on x and a shock absorbing desk 1 
from an air spring 5 is set to A. An air valve 4 adjusts the inflow outflow discharge 
of air, and the pressure p of an air spring 5 according to the amount u of air valve 
drives. (1) formula is obtained about movement of a shock absorbing desk 1 from 
drawing 2 noting that a pressure p is the amount of change from equilibrium. 
Moreover, (2) formulas are materialized about the pressure of an air spring 5. 
[0022] 
[Equation 1] 

M-5_-x = Ap+f (1) 



[0023] (2) In a formula, the coefficient omega concerning the pressure p of left part 
is physical quantity which becomes settled from the mechanical parameter of an air 
spring 5, Moreover, coefficient Gq concerning the amount u of air valve drives of 
the right-hand side It is the pressure gain of an air valve 4. Similarly, the term 
which contains the variation rate x of a shock absorbing desk 1 by the right-hand 
side means that the pressure p of an air spring 5 changes with the variation rate x, 
and is Gv. It is the influence coefficient. (1) By carrying out the Laplace transform 
of a formula and the (2) formulas, the block diagram of drawing 3 having shown the 
dynamics model of drawing 2 mathematicallv is obtained. In drawing 3 , Sign s 
expresses the Laplacian operator. From drawing 3 , the I/O formula which inputted 
the amount u of air valve drives and the disturbance force f, and inputted the output 
the variation rate x of a shock absorbing desk 1 becomes like (3) formulas. (3) In 
the formula, AGv s/(second+omega) of left part expresses the hgidity of an air 
spring 5. 
[0024] 
[Equation 2] 



[0025] The block diagram having shown mathematically operation of the vibration 
removal equipment by this example is drawing 4 . Only enough elements which 
need drawing 4 to explain operation of the rigid compensator 8 are shown, and 
other components, such as the displacement compensator 9 and the acceleration 
compensator 10, are omitted. In drawing 4 , a pressure compensator 12 is a 
proportionality computing element, and sets the gain to G. Moreover, it is Gk about 
the transfer function of the rigid compensator 8. It carries out. The I/O formula of 



(2) 




(3) 



drawing 4 which inputted the disturbance force f and inputted the output the 
variation rate x of a shocl< absorbing desk 1 is as (4) formulas 
[0026] 
[Equation 3] 

[0027] Supposing there is no rigid compensator 8 and it is Gk =0, the I/O formula of 
(4) formulas will become like (5) formulas. In this case, although the rigid term 
showing the rigidity of an air spring 5 is AGv s/(second+omega+Gq G) from the left 
part of (5) formulas, since the gain G of a pressure compensator 12 is in the 
denominator of a rigid term, as for a rigid term. Gain G becomes small, so that it Is 
large. That is, (5) formulas show that the rigidity of an air spring 5 falls,' so that gain 
G of the feedback loop of a pressure is enlarged 
[0028] 
[Equation 4] 

[0029] The rigid compensator 8 functions as avoiding the reduction of rigidity of the 
air spring 5 by the feedback control of a pressure. (4) As shown in a formula, the 
rigid term of an air spring 5 is AGv s/(second+omega+Gq 
G)+AGv/(second+omega+Gq G) xGq GGk/Gv by operation of the rigid 
compensator 8, It has become. Namely, transfer function Gk of the rigid 
compensator 8 Since a rigid term also becomes large so that it takes greatly, 
rigidity required for an air spring 5 is securable. Transfer function Gk What Is 
necessary is just to specifically design as follows. First, when not performing 
feedback control of a pressure, the rigid term of an air spring 5 was AGv 
s/(second+omega) from (3) formula left part. Transfer function Gk It designs so that 
the rigid term of (4) formulas which are an I/O formula of the vibration removal 
equipment by this invention may be in agreement with this. (3) If a formula is 
compared with (4) formulas, it will be the transfer function Gk of the rigid 
compensator 8. It becomes settled like (6) formulas 
[0030] 
[Equation 5] 

_ S (jy (^ + Gq G) 

^ -rr^ G^-G — 

[0031] (6) Transfer function Gk defined by the formula (7) formulas will be obtained 
If it substitutes for (4) formulas which are an I/O formula of the vibration removal 
equipment by this example. (7) The left part of a formula and the left part of (3) 
formulas which are an I/O formula when not performing feedback control of a 
pressure are completely the same. It turns out that the rigidity of the completely 
same air spring 5 as the case where feedback control of a pressure is not 
performed is securable with operation of the rigid compensator 8. Moreover, 
transfer function Gk of the rigid compensator 8 shown by (6) formulas Transfer 
function s/showing a low cut filter (second+omega) It consists of series connections 
with proportional gain Gv/(omega+Gq G) Gq G. The vibration removal equipment 
by this example is characterized by the rigid compensator 8 having a low cut filter 
14 and the proportional gain element 15. 



[0032] 
[Equation 6] 



(7) 



[0033] Thus, since the reduction of rigidity of an air spring 5 is avoidable with 
operation of the rigid compensator 8, the vibration removal equipment by this 
example has realized the suitable oscillating suppression performance. In addition 
the vibration removal equipment by this invention is not limited to the operation 
gestalt shown in drawinq 1 . Essence of this invention that it is vibration removal 
equipment which can perform feedback control of the pressure of an air spring 
without producing the reduction of rigidity of an air spring can be carried out 
regardless of the number of an air spring, arrangement, etc. which support the 
configuration of a shock absorbing desk, and it. Moreover, the semiconductor 
fabrication machines and equipment which have vibration removal equipment by 
this invention are realizable also in driven type and scan type any serially. 
[0034] The formula sign used until now is packed into a degree, and is listed 
M: mass A: of a shock absorbing desk 1 - effective-area-of-diaphragm x: of an air 
spnng 5 - variation-rate p; of a shock absorbing desk 1 - amount of pressure u air 
valve drives f: of an air spring 5 - disturbance force omega: which acts on a shock 
absorbing desk 1 - the physical quantity Gq which becomes settled from the 
mechanical parameter of an air spring 5 : Pressure gain Gv of an air valve 4 : 
influence-coefficient G: to the pressure p of the variation rate x of a shock 
absorbing desk 1 to the air spring 5 - gain Gk in case a pressure compensator 12 

DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] — — ~~ — . 
[Drawing 1] It is the block diagram of the vibration removal equipment concerning 
one example of this invention. 

[Drawinq 2] It is the drawing in which the dynamics model of a shock absorbing 
desk and an air spring is shown. 

[Drawinq 3] It is the drawing in which the dynamics model of a shock absorbing 
desk and an air spring is shown mathematically. 

[Drawinq 4] It is the drawing in which operation of the vibration removal equipment 
by this invention is shown mathematically. 

[Drawinq 5] It is the drawing in which the vibration removal equipment by the 
conventional technology is shown. 

[Drawinq 6] It is the drawing in which the structure of an air valve is shown. 
[Drawinq 7] It is the drawing in which the property of an air valve is shown. 
[Drawinq 8] It is drawing showing the flow of manufacture of a minute device 
[Drawinq 9] It is drawing showing the detailed flow of the wafer process in drawing 
8 . 

[Description of Notations] 

1: A shock absorbing desk, 2:displacement sensor, 3:pressure sensor, 4:air valve 
5:air spring, 6:acceleration sensor, 7:displacement target generation machine, 
8: rigidity compensator, 9 : a displacement compensator, 10 : An acceleration 
compensator, 1 1 : A pressure target generation machine, 12 : A pressure 
compensator, 13:power amplifier, 14:low cut filter, 15: Proportional gain element 
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EEtj£c*f-rsBgii«:aj:^'rsff;^3gg4:jssi. mia 

Apji!SI|«S4e! J; yiiria^fSfflfitS^tf J;: !>-SiFiap!liltt}«« 
S4ij J; y'ijiaE:^Bfei«s;^©a3>3l^ t mtSEij-^ > 

4E:^ffi«S<!;. PiaE*ffi«S©m:^li^icit.i;rB5 

[0010] S^-c, *lfeBjicj:irA^xSljS»Sli. 

ttStC-Cli. IC<»LS I^<D*^iSft9^■:<7■^:S!ig•r 
^fcsD^^>i^^^SftS!3ia^al¥>!)^^b 
[0011] 

t3ii}m^t^i]E^±fS,^<D\is^m^t<j>fui>c^Lx. 
[0012] ^^^'^^mm-^oM\iLh^u^^\m 

30 }|f8flt*K;ai&«iBiTSg©i'*±fia'^AEf4T ^» J: ^> JCjSlfi 

bXl\mh, JllliiSffi(«^ttjbll*(t-b>1f<Dlli*lfI^ 
[00 13] u-fjy \-v < JUd^ittpiJ^V^^j^-SrW 

*as<*i2asaoc*jc'TB?fe©ic$ja$n.sBjtffi 

Sfe(Cl6fiAi|J4Lf<:»iS. (UliJiljfilgSItT jx- 
^f -C'*SS mt*ta«:/r L,-C r«^^©^f4* 4 l^tt^Stl* 

[0014] C©J:^tc:. E;^3(^>7 <- K/< ? ifSlJiaiS: 

50 -ri,t^ot£\.\ E:^<j>7 i-Yf^>t;mm\fi^^n<r>^¥ 
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6 



^^itii 5 (!>E:^;i:ast*?4 J: -?-CilllgSti4. i', f5|^>j!>*0jf SL>3<^)fc»r*(i^ i JcfifipAi|fe^ Uc.^ 

[00 1 6 ] f£1}<J>y ^-t^fi, mmi'-XO^'jic^ ^. BiM}ifi«l38;±ri7^^.*-$r*4^mt*ia5* 

•r«. iI;^)Bfe!tfiRS 1 1 «^5t;**a5Ai^Ji& l Lfc^mim^<D'&7iMim-^ 1 '^f'Effi-rSJ; ^"ccis 
fiSH 1 1 <Otiii3n^tO>mcnox. E>343>i^3©tlj [0020] Miflli«(S8 i!£fe«fS^9 \tfise>iy^ 

[0017] mi^y'^znifs-t&n 1 ©iSfeteJcQs^si. J:h^mtiyo<Dm\±mri^i&ri>ct^v^io ^ 

«fSlS9 1±, *OA;'7ft^OSi>r'^ »t**3 5 OE^?*i [002 1 ] WT, BfttfiifSSS ©SftffiS: $ < 

[0018] *l]iiS-t>1^5ttK;fi& 1 ccil^^tirte A^'b^^rSWiSli^wwSJiSlIfflli^rAi-rs. 

«j . r««^ 1 <c4 o^^saiiiijSits^i ori+iii-r 4 (*^m?FSgaau iciSD-csstwit A?isas?jScSi^a 

E**i$lJiai^tt4 J: ^ t.cmUbXl'i><OZ\ JfflitltlifiJiE ( 2 ) SC*iJffi4TSo 

SI 0AiftIiS(S-b>1>'6©ai>3CCttj^lUfe}ili«g*4fiS [0 02 2] 



[0015] 



[001 9 ] u-i7 s \-v lAtitety-^i'Sm 




0) 



<2) 



[0 02 3 ] ( 2) j^StC^iJc^r, l^^CDKt^P^^^^^^ 
1 (0^& X ^gt^^liSffi X cc J: -5 r 5 <©II;^j 



C« 4*132 0 0 0- 1 54 84 3 

o^jt* (3) ^cQjc^ccnf^*, (3) aKirfei^^rt*. 

[0024] 
[82] 



f + 



1 



3 + (U 



(8) 



[0025] ^ni^mt^c^mm^s<Dmi'^m^f^i'C 
*j . mmm 9 , *iiiS(£)is«s 1 1) rj, mo>nm^m 

6 



[0026] 

im] 



Ms2 + AG 



V 6 + + 



f C4> 



[ 0 0 2 7 ] t L «>WfitH8S8 < ITG. =0 Vk 

(5 ) j^^Si^ct'JAG. s/{s + cd + G, or-*) 
<J)X-. y > G s t tWi.mt>\ -^<tti. -oi 

[ I) 0 2 8 ] 



■6(4) 5':©Wtt«3fi^cri{^-^j-r-Sct'5t;:iai+T^„ 

[0030] 



30 



^Ms2 + AG 



'» + w + G(j G 



(5) 



[0029] nmB»ssits.t><!>7 i - KK.;, jT^uai 

K <t 4Sg^t^ia 5 Wf«f±f&T«:|51i!|f 4 J: -5 tcmf 

i:-7-C. 3&%(*to5©RW4i|ltAG. s/<s + w + G 
, G) +AG. / (s+w + G. G) xG, GG. /G 

, i^t-p-ct,^^. -r^ft*-^. Bitti*fti38o:>eiiMisG 

^- KM'-? i'^^Jiitll«:^^^f^5^i:t,^«^. ^sititi5®f«tt 

(3) 5)j£i3J:0AG. $/ ( s +a») T^ofeo ★ 



AG 



' a + aij 



x = f 



[ 0 0 3 3 ] c ® J: ^ tc. mftm^.^ 8 ©amc j: r 



[|i!5] 



G) 



G„ G 



50 



[003 1] ( 8 ) 5«;-c'je*fee^M»G. *2|£iii 

ti:j;4^ggBOAJl3>3Si:-*.^ (4) ^iciKhtht 
{ 7 ) ^ifiWhn&o { 7 ) S.t><D7 ^ " 

ttPHii^-r^G, (to + G. G) /G. Gi<^)it?Jt|'&l:• 
[0032] 
[»6] 

(7) 



9 

[0034] cnivm*>'tcW[j^im^-xicit»)xn 

M : WM^ 1 ©gS 

X -. 1 ©^fe 
mm 

G : E>3}ili«fS 1 2 *sibl?lJilB#Sr-*.5i :^ 
[ I) 0 3 5 ] 

<}>^i^i^^y:f. ffiSM-^.;l., CCD. itmti-N-^ 

^muc^sK^miffi,. ;^5^^v3 c^/iM 

7 <i$f*f(CJ:^-!:^>x^>±ic;||ia©PBSS:ffj^-r^,„ ;x 30 

4ic J:-,r{TlS3nfc'i»x>^«:it,^-C4^»#?^ :/ftf 
■SXfir-fe 0 . 7 -fe > 7' ij IS { jr */ > i?'. 5fi> f 

[0036109 li±ga>;; X/ ^ 7 a -b ;^ ©I* m o - 
^TT^fo A-ry:/! 1 (it*t) rti';JX/i©ftffi?:Kft 40 
$1*4. v7'l2 (CVD) X^f^J-n^W^tm 
KSrJU^T-S. >7 1 3 (^SflJi*) r'IWx^>± 
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(L-yxHSLfl) T-li'iix^.tcSijtSiJ^i^TpT-S. 

jfc^Sf;: J: -7 r -? A ©0B8m* - :^ 4 X / |jS f^J5 
ifcr*. at';>:7*i7 (^f») r-ttSitt^fc-^x^v^rJi 

^ h l*y.?f ©g|lj>*filj y K 4, ^ r 7* 1 9 { b A h 
siJ« ) T-tix ^ > yJ!><iS^•^:•;^Si ^ fc u y h 

[0037] 

^a4*tJ©HmS:CT3^rccSStt3:ta(DE>3©:? ^ - 

20 rfJIlii -,-CMfc^si{3ffe©Wtt{£Tlt^:t>/t£(,»© 
[|lffi©19m':i:|$iq^] 

[02] K?tS^i^5i.(3:feo?Si>j:T;*TJl'«:;KTIgia 
j03] ^tS;&iSat*ta©ft;'7f:*T;L-€r|Sf«tni: 

[04 ] '^m^<.cj:m>ms.Q>&i\%i:m^\fiicmt 

30 Hffi-CfeS, 

[05] sE^gfUti: J: 4 r^d^s s ^-r 
[06] ^M?F©tSiS£,^-r igfflr**, 

[07] ^Sv^©!f$t±$:,^-riiia-C'*-5„ 

[08] m-rK-<x<jimi(Dmn^mrmx-ibi>, 

[09] lil8«C*$t^S>^rx;^7D-fex©smt£Bltn* 

i^'r0T'*.-5. 

[I5^©lsiH!] 

1 ; r^li^, 2 ; ]l:fe4z>1^, 3 : E:^?-!?^^ . 4 : S 
m?F. 5 6 ; ftl]ig)S-bl^t#-, 7 : .iifiB^i 

40 ±5613, 8 : W4}#«S. 9 : ^mm, 1 I) ; %m 

S)«f8s. 1 1 ; K^mm^im. i 2 : E^jjifRs, 

1 3 : /f?-tgi»gS, 14 ; i 
5 : tbWyW^gm, 
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(8) 



2 0 0 0-154843 




[us: 





























CAT* 









I 



I 



[09] 



m it 



CVD 



S ft 



(9) 



4*§a2 0 0 0- 1 5484 3 
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